INSULATION BUSHING ASSEMBLY FOR AN EXHAUST GAS SENSOR 



Field of the Invention 

This invention relates generally to exhaust gas sensors, and more particularly to 
insulation bushing assemblies for exhaust gas sensors. 

Background of the Invention 

Exhaust gas sensors are well known in the automotive industry for sensing the 
oxygen, carbon monoxide, or hydrocarbon content of the exhaust stream generated by 
intemal combustion engines. Stoichiometric or "Nemst"-type oxygen sensors (a widely used 
type of exhaust gas sensor) measure the difference between the partial pressure of oxygen 
found in the exhaust gas and oxygen found in the atmosphere. By determining the amoxmt of 
oxygen in the exhaust gas, the oxygen sensor enables the engine control unit ("ECU") to 
adjust the air/fuel mixture and achieve optimal engine performance. Other types of exhaust 
gas sensors that operate based on different principles are also known and widely used in the 
automotive industry. 

Summary of the Invention 

The present invention provides an improved insulation bushing assembly for an 
exhaust gas sensor and an improved method of assembling an exhaust gas sensor. 

More particularly, the present invention provides, in one aspect, an insulation bushing 
assembly for use with an exhaust gas sensor. The insulation bushing assembly includes an 
insulation bushing including a passageway defining a surface. The insulation bushing 
assembly also includes a contact plate assembly having a contact plate coupled with the 
insulation bushing and a resilient member extending from the contact plate for insertion into 
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the passageway. The resilient member is engageable with the surface of the passageway 
during insertion such that the member is deflected by the surface from an undeflected 
position with respect to the contact plate to a deflected position with respect to the contact 
plate. 

5 The present invention provides, in another aspect, an exhaust gas sensor including a 

sensor housing, a sensor element at least partially enclosed within the housing, and an 
insulation bushing at least partially supported within the housing. The insulation bushing 
includes a passageway defining a surface. The exhaust gas sensor also includes a contact 
plate assembly having a contact plate coupled with the insulation bushing and the sensor 

1 0 element. A resilient member extends from the contact plate for insertion into the 

passageway. The resilient member is engageable with the surface of the passageway during 
insertion such that the member is deflected by the surface from an undeflected position with 
respect to the contact plate to a deflected position with respect to the contact plate. 

The present invention provides, in yet another aspect, a method of assembling an 

15 exhaust gas sensor. The method includes providing an insulation bushing including a 

passageway defining a surface, providing a contact plate assembly including a contact plate 
and a resiUent member extending from the contact plate, inserting the resilient member into 
the passageway, engaging the resilient member with the surface, and deflecting the member 
from an undeflected position with respect to the contact plate to a deflected position with 

20 respect to the contact plate. 

Other features and aspects of the present invention will become apparent to those 
skilled in the art upon review of the following detailed description, claims and drawings. 

Brief Descriotion of the Drawings 

25 In the drawings, wherein like reference numerals indicate like parts: 
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Fig. 1 is a cross-sectional view of an exhaust gas sensor of the present invention. 

Fig. 2 is an exploded perspective view of the components of the sensor of Fig. 1 . 

Fig. 3 is an enlarged, exploded, perspective view of an insulation bushing assembly 
from the sensor of Fig. 1. 

Fig. 4a is a partially assembled cross-sectional view of the insulation bushing 
assembly of Fig. 3 taken through section line 4a-4a. 

Fig. 4b is a partially assembled, partial cross-sectional view of the insulation bushing 
assembly of Fig. 3 taken through section line 4b-4b. 

Fig. 5 a is an assembled cross-sectional view of the insulation bushing assembly of 
Fig. 3 taken through section line 5a-5a. 

Fig. 5b is an assembled, partial cross-sectional view of the insulation bushing 
assembly of Fig. 3 taken through section line 5b-5b. 

Fig. 6a is a perspective view of an insulation bushing from the insulation bushing 
assembly of Fig. 3. 

Fig. 6b is a perspective view of another constraction of the insulation bushing of Fig. 

6a. 

Fig. 6c is a perspective view of yet another constmction of the insulation bushing of 

Fig. 6a. 

Fig. 7 is a cross-sectional view of another construction of an exhaust gas sensor of the 
present invention. 

Fig. 8 is an enlarged, exploded, perspective view of an insulation bushing assembly 
from the sensor of Fig. 7. 

Fig. 9a is a partially assembled cross-sectional view of the insulation bushing 
assembly of Fig. 8 taken through section line 9a-9a. 



Fig. 9b is a partially assembled, partial cross-sectional view of the insulation bushing 
assembly of Fig. 8 taken through section line 9b-9b. 

Fig. 10a is an assembled cross-sectional view of the insulation bushing assembly of 
Fig. 8 taken through section line 10a- 10a. 
5 Fig. 10b is an assembled, partial cross-sectional view of the insulation bushing 

assembly of Fig. 8 taken through section line lOb-lOb. 

Fig. 1 1 is a cross-sectional view of yet another construction of an exhaust gas sensor 
of the present invention. 

Fig. 12 is an enlarged, exploded, perspective view of an insulation bushing assembly 
1 0 from the sensor of Fig. 1 1 . 

Fig. 13a is a partially assembled cross-sectional view of the insulation bushing 
assembly of Fig. 12 taken through section line 13 a- 13 a. 

Fig. 13b is a partially assembled, partial cross-sectional view of the insulation bushing 
assembly of Fig. 12 taken through section line 13b- 13b. 
15 Fig. 14a is an assembled cross-sectional view of the insulation bushing assembly of 

Fig. 12 taken through section line 14a- 14a. 

Fig. 14b is an assembled, partial cross-sectional view of the insulation bushing 
assembly of Fig. 12 taken through section line 14b-14b. 

Before any features of the invention are explained in detail, it is to be understood that 
20 the invention is not limited in its application to the details of construction and the 

arrangements of the components set forth in the following description or illustrated in the 
drawings. The invention is capable of other embodiments and of being practiced or being 
carried out in various ways. Also, it is understood that the phraseology and terminology used 
herein is for the purpose of description and should not be regarded as limiting. The use of 
25 "including", "having", and "comprising" and variations thereof herein is meant to encompass 



the items listed thereafter and equivalents thereof as well as additional items. The use of 
letters to identify elements of a method or process is simply for identification and is not 
meant to indicate that the elements should be performed in a particular order. 



5 Detailed Description 

Fig. 1 illustrates an exhaust gas sensor 10 of the present invention. The illustrated 
sensor 10 is an unheated, two-wire sensor 10. However, those skilled in the art will 
understand that the sensor 10 could be modified to be a single- wire sensor. 

The sensor 10 includes a generally cylindrical metallic housing 14 threadably engaged 
1 0 with a threaded aperture of an exhaust pipe (not shown) or other component of an internal 
combustion engine (also not shown) used for automotive applications or non-automotive 
appUcations, such as motorcycles, snowmobiles, ATV's, lawnmowers, and the like. 

The housing 14 receives and supports a sensor element 46 including an outer or 
exhaust electrode communicating with the exhaust gas stream, and an inner or reference 
15 electrode communicating with reference air, as xmderstood by those skilled in the art. A seal 
ring 18 is positioned between the sensor element 46 and the housing 14 to seal the sensor 
element 46 to the housing 14. Reference is made to co-pending U.S. Patent Application 
Serial No. 10/610,479 filed on June 30, 2003, the entire contents of which are incorporated 
herein by reference, for discussion of additional features of the housing 14 and the sensor 
20 element 46 not described herein. 

The sensor 10 further includes a sleeve 94 connected to the housing 14. An insulation 
bushing 1 14 is disposed within the sleeve 94 and includes a first end 118 received in the 
housing 14 and a second end 122 at least partially extending out of the sleeve 94. A disk 
spring 130 is disposed between the sleeve 94 and the bushing 1 14 to bias the bushing 114 
25 toward the housing 14. In the illustrated construction, the bushing 1 14 is made of ceramic 
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materials known as soapstone steatite or crypto-crystalline talc, and in some instances, can be 
made from materials having lower thermal conductivity and higher compressive strength, 
such as DOTHERM DT600M available from Industria Engineering Products in Uxbridge, 
United Kingdom. 

5 With continued reference to Fig. 1, the bushing 114 includes two intemal 

pEissageways 134a, 134b extending therethrough. The passageways 134a, 134b receive 
respective "signal" and "ground" contact plate assemblies 138a, 138b that electrically 
connect the reference electrode and the exhaust electrode to respective wire leads extending 
from the sensor 10 for electrical connection to the ECU. The wire leads, in addition to other 

10 components (e.g., seals, grommets, and the like) that may be used with the sensor 10, are 
shown in the previously-referenced U.S. Patent Application Serial No. 10/610,479. 

The contact plate assemblies 138a, 138b are made from an electrically conducive 
material, such as metal. The bushing 114 thereby electrically isolates the contact plate 
assemblies 138a, 138b from the housing 14 and the sleeve 94. Additionally, the intemal 

15 passageways 134a, 134b electrically isolate the signal contact plate assembly 138a from the 
groimd contact plate assembly 138b. 

With reference to Fig. 3, an insulation bushing assembly 142 is shown including the 
insulation bushing 1 14 and the contact plate assemblies 138a, 138b. Respective openings 
146a, 146b to the intemal passageways 134a, 134b are shown in the first end 118 of the 

20 bushing 1 14. The openings 146a, 146b define a somewhat tapered shape, however, the 

openings 146a, 146b may altematively define other shapes, such as T-shaped openings 146a', 
146b' (see Fig. 6b) or square shaped openings 146a", 146b" (see Fig. 6c). The first end 118 
of the insulation bushing 114 also includes a first pair of slots 150a spaced from the intemal 
passageway 134a and a second pair of slots 150b spaced from the intemal passageway 134b. 

25 The purpose of the slots 150a, 150b will be discussed in greater detail below. 
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With reference to the internal passageway 134a shown in Fig. 4a (with the same 
discussion applying to the internal passageway 134b), the passageway 134a may include a 
first or "entry" portion 154 adjacent the first end 118 of the bushing 1 14, a second or 
**transition" portion 158, and a third or "exit" portion 162 adjacent the second end 122 of the 
5 bushing 114. As shown in Fig. 4a, the transition portion 158 tapers or narrows the height of 
the intemal passageway 134a from the entry portion 154 to the exit portion 162. More 
particularly, the transition portion 158 includes a first or "ramp" surface 166a adjacent to a 
second surface 170a. In the illustrated construction, the second surface 170a is substantially 
parallel with a longitudinal axis 174 passing through the bushing 114. Also, in the illustrated 

10 construction, the ramp surface 166a and the second surface 170a define therebetween an 
angle A of about 12 degrees. Altematively, the ramp surface 166a and the second surface 
170a may define therebetween an angle A of about 10 degrees to about 12.5 degrees. 
Further, the intemal passageway 134a may be formed differently such that the ramp surface 
166a provides a non-linear transition to the second surface 170a. For example, the ramp 

1 5 surface 166a may be defined by a first order curve, a second order curve, an exponential 
curve, and so forth. 

With continued reference to Fig. 4a, the transition portion 158 of the intemal 
passageway 134a may or may not be further tapered or narrowed between the second surface 
170a and the second end 122 of the bushing 114. In the illustrated construction, the transition 
20 portion 158 is further tapered between the second surface 170a and the second end 122 of the 
bushing 114. Altematively, the transition portion 158 may not be tapered axially between the 
second surface 170a and the second end 122 of the bushing 1 14. 

The exit portion 162 of the intemal passageway 134a includes a third surface 178a 
spaced from the second surface 170a and a fourth surface 182a opposite the third surface 
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178a. Like the second surface 170a, the third and fourth surfaces 178a, 182a are substantially 
parallel with the longitudinal axis 174 of the bushing 114, 

As shown in Figs. 1 and 3, each contact plate assembly 138a, 138b includes a contact 
plate 186a, 186b and a respective contact wire 190a, 190b extending from the contact plate 
5 186a, 186b. In the illustrated construction, the contact wires 190a, 190b are separate 

components from the contact plates 186a, 186b and are mechanically coupled to the contact 
plates 186a, 186b. A process such as welding, for example, may be used to mechanically 
couple the contact wires 190a, 190b with the contact plates 186a, 186b. Alternatively, other 
processes may be used to mechanically couple the contact wires 190a, 190b with the contact 

10 plates 186a, 186b. Further, in altemate constructions, the contact wires 190a, 190b may be 
integrally formed with the contact plates 186a, 186b. 

With reference to the signal contact plate assembly 138a shown in Fig. 1, the contact 
plate 186a engages the sensor element 46 to electrically contact the reference electrode. 
Likewise, with reference to the ground contact plate assembly 138b, the contact plate 186b 

15 engages the sensor element 46 to electrically contact the exhaust electrode. The contact 
plates 186a, 186b electrically connect, respectively, with the reference electrode and the 
exhaust electrode of the sensor element 46 in substantially the same manner as prior art 
contact plates and prior art sensor elements in prior art sensors. As such, fiirther description 
of the electrical connection of the contact plates 186a, 186b with the reference and exhaust 

20 electrodes, respectively, will be omitted. 

With reference to Fig. 3, the contact plate 186a includes a first pair of alignment tabs 
194a extending therefrom to engage the first pair of slots 150a in the bushing 1 14. Likewise, 
the contact plate 186b includes a second pair of alignment tabs 194b extending therefrom to 
engage the second pair of slots 150b in the bushing 1 14. In the illustrated embodiment, the 

25 alignment tabs 194a of contact plate 186a are shorter and wider than the alignment tabs 194b 



of contact plate 186b, and the respective pairs of slots 150a, 150b are appropriately sized to 
snugly receive the pairs of alignment tabs 194a, 194b. This ensures that the signal and 
ground contact wires 190a, 190b are inserted into the proper internal passageways 134a, 134b 
in the bushing 114. 

5 With reference to Fig. 1, the contact plate assemblies 138a, 138b also include resilient 

members in the form of compression tabs 198a, 198b extending from the respective contact 
plates 186a, 186b. In the illustrated construction, the compression tabs 198a, 198b are 
integrally formed with the contact plates 186a, 186b by a process such as, for example, 
stamping. However, in altemate constructions, the compression tabs 198a, 198b may be 

10 separate components that are mechanically coupled to the contact plates 186a, 186b. 

During assembly of the insulation bushing assembly 142 (see Fig. 4a), the contact 
wires 190a, 190b and the compression tabs 198a, 198b are initially inserted into the 
respective intemal passageways 134a, 134b, and the contact plates 186a, 186b are moved 
toward the first end 1 18 of the bushing 1 14. With reference to Fig. 4b, as the contact plates 

15 1 86a, 1 86b approach the first end 1 1 8 of the bushing 1 1 4, the pairs of alignment tabs 1 94a, 
194b of the respective contact plate assemblies 138a, 138b engage the respective pairs of 
slots 150a, 150b in the first end 118 of the bushing 1 14 to orient the contact plates 186a, 186b 
with respect to the bushing 114. 

With reference to Fig. 4a, upon continued insertion of the contact wires 190a, 190b 

20 and the compression tabs 198a, 198b into the intemal passageways 134a, 134b, the resilient 
compression tabs 198a, 198b deflect upon engaging one or more surfaces in the respective 
passageways 134a, 134b to develop friction between the one or more surfaces and the 
compression tabs 198a, 198b and to retain the contact plate assemblies 138a, 138b in the 
respective intemal passageways 134a, 134b. 
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More particularly, with exemplary reference to the compression tab 198a (with the 
same discussion applying to the compression tab 198b and the internal passageway 134b), the 
compression tab 198a assumes an undeflected position upon initial insertion into the entry 
portion 154 of the intemal passageway 134a. With continued insertion into the intemal 
passageway 134a, the compression tab 198a encounters the ramp surface 166a in the 
passageway 134a that causes the compression tab 198a to deflect toward the contact wire 
190a. The ramp surface 166a, in other words, causes the compression tab 198a to move from 
an initial undeflected position to a deflected position upon continued insertion into the 
passageway 134a. 

Since the compression tab 198a is resihent, the tab 198a applies a force to the ramp 
surface 166a as it is deflected. The ramp surface 166a therefore applies a reaction force, or a 
normal force, to the compression tab 198a to balance the force applied by the compression 
tab 198a. Such a normal force includes a component that is transverse to the longitudinal 
axis 174, which results in a frictional force developed between the compression tab 198a and 
the ramp surface 166a, and a component that is parallel to the longitudinal axis 174, which 
tends to urge the contact plate 186a away from the first end 118 of the bushing 1 14. 

For the compression tab 198a to deflect upon engaging the ramp surface 166a, the 
contact plate 186a should be maintained in a substantially fixed orientation with respect to the 
insulation bushing 114 (i.e., the contact plate 186a should be kept substantially parallel with 
the first end 1 18 of the insulation bushing 114) during insertion of the contact plate assembly 
138a into the intemal passageway 134a. As shown in Fig. 4b, the pair of alignment tabs 194a 
of the contact plate assembly 138a engage the respective pair of slots 150a in the first end 
118 of the bushing 1 14 before the compression tab 198 encounters or engages the ramp 
surface 166a. As a result, the pair of alignment tabs 194a maintain the contact plate 186a in a 
substantially fixed orientation when the compression tab 198a engages the ramp surface 
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166a. The pair of alignment tabs 194a therefore faciUtates an automated assembly process of 
inserting the contact plate assembly 138a into the insulation bushing 114. 

With reference to Fig. 5a, the compression tab 198a encoimters the second surface 
170a after traversing the ramp surface 166a during continued insertion into the intemal 
5 passageway 134a. Upon engaging the second surface 170a, the compression tab 198a is 
maintained in a deflected position. Fig. 5 a shows the contact plate assembly 138a fiilly 
engaged with the intemal passageway 134a, and the compression tab 198a maintained in a 
deflected position by the second surface 170a of the intemal passageway 134a. Since the 
compression tab 198a is resilient, the tab 198a applies a force to the second surface 170a, 

10 which, in turn, applies a reaction force or a normal force to the compression tab 198a to 
balance the force applied by the compression tab 198a. Unlike the ramp surface 166a, the 
normal force is applied to the compression tab 198a entirely in a direction transverse to the 
longitudinal axis 174 (i.e., a component of the normal force that would urge the contact plate 
186a away from the first surface 1 18 of the bushing 114 does not exist when the compression 

15 tab 198a is engaging the second surface 170a). 

Such a normal force allows a frictional force to develop between the compression tab 
198a and the second surface 170a. The frictional force is sufficient to maintain the contact 
plate zissembly 138a engaged with the intemal passageway 134a when, for example, the 
bushing 1 14 is oriented substantially vertically with the engaged contact plate 186a at the 

20 lower end. Even in this orientation, the weight of the contact plate assembly 138a by itself is 
not sufficient to cause the contact plate assembly 138a to fall out of the intemal passageway 
134a. This faciUtates handling, manipulation, and fiirther assembly of the assembled bushing 
114 and contact plate assemblies 138a, 138b. 

Alternatively, locking structure (e.g., a detent configuration) may be incorporated on 

25 one or more of the intemal passageways 134a, 134b and the compression tabs 198a, 198b, 
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such that the contact plate assembhes 138a, 138b may be retained in the bushing 1 14. 
However, such locking structure may not result in the contact plate assemblies 138a, 138b 
being releasable from the bushing 1 14 if later desired. 

With continued reference to Fig. 5a (with the same discussion applying to the contact 
wire 190b and the intemal passageway 134b), the contact wire 190a is not engaged with any 
surface in the exit portion 162 of the intemal passageway 134a. More particularly, the 
contact wire 190a is spaced from the third and fourth surfaces 178a, 182a of the intemal 
passageway 134a, such that the contact wire 190a does not frictionally engage either of the 
third or fourth surfaces 178a, 182a. 

Fig. 7 illustrates another exhaust gas sensor 202 of the present invention utilizing 
another configuration of an insulation bushing assembly 206. With the exception of the 
insulation bushing assembly 206, the remaining components of the sensor 202 of Fig. 7 are 
substantially similar to those discussed above with reference to the sensor 10 of Fig. 1. As 
such, like components will be labeled with like reference numerals. 

With reference to Figs. 7 and 8, the insulation bushing assembly 206 includes a 
"signal" contact plate assembly 210a and a "groimd" contact plate assembly 210b engageable 
with respective intemal passageways 214a, 214b in an insulation bushing 218. The insulation 
bushing 218 is substantially similar to the insulation bushing 114 of the sensor 10 of Fig. 1, 
however, the transition portion 158 of the insulation bushing 218 is positioned ftirther from a 
first end 220 of the bushing 218 compared to the transition portion 158 of the bushing 1 14 of 
the sensor 10 of Fig. 1. As such, the ramp surfaces 166a, 166b, the second surfaces 170a, 
170b, the third surfaces 178a, 178b, and the fourth surfaces 182a, 182b of the intemal 
passageways 214a, 214b will be labeled with like reference numerals as the same surfaces of 
the bushing 114 of the sensor 10 of Fig. 1. 
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The contact plate assemblies 210a, 210b include respective contact plates 222a, 222b 
and respective contact wires 226a, 226b mechanically coupled to the contact plates 222a, 
222b in a similar fashion as the contact wires 190a, 190b and the contact plates 186a, 186b of 
the sensor 10 of Fig. 1, Except as described below, the contact plates 222a, 222b are 
5 substantially similar to the contact plates 186a, 186b of the sensor 10 of Fig. 1, and include 
respective pairs of alignment tabs 230a, 230b that are engageable with respective pairs of 
slots 234a, 234b in the first end 220 of the insulation bushing 218 to ensure that the signal 
and ground contact wires 226a, 226b are inserted into the proper intemal passageways 214a, 
214b in the bushing 218. The contact plates 222a, 222b also include respective compression 
10 tabs 238a, 238b integrally formed with the contact plates 222a, 222b. 

However, the contact wires 226a, 226b have a different configuration than the contact 
wires 190a, 190b of the sensor 10 of Fig. 1. The contact wires 226a, 226b, as shown in Figs. 
7 and 8, include respective raised portions or apices 242a, 242b as the result of multiple 
bends formed in the contact wires 226a, 226b or multiple curves formed in the contact wires 
15 226a, 226b. As will be described below, in this embodiment the contact wires 226a, 226b act 
as resilient members to help retain the contact plate assemblies 210a, 210b engaged with the 
bushing 218. 

With reference to Fig. 9a, the contact wires 226a, 226b, upon insertion into the 
respective intemal passageways 214a, 214b, deflect upon engaging one or more surfaces in 

20 the passageways 214a, 214b to develop fiiction between the one or more surfaces and the 

contact wires 226a, 226b. As such, the contact wires 226a, 226b act as the resilient members 
rather than, or possibly in addition to, the compression tabs 238a, 238b. The compression 
tabs 238a, 238b, as shown in Fig. 10a, do not engage any surface in the intemal passageways 
214a, 214b and therefore, in alternate constructions of the contact plate assemblies 210a, 

25 21 Ob, may be eliminated. 
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More particularly, with exemplary reference to the contact wire 226a (with the same 
discussion applying to the contact wire 226b and the internal passageway 214b), the contact 
wire 226a assumes an undeflected position upon initial insertion into the entry portion 154 of 
the internal passageway 214a (see Fig. 9a). With continued insertion into the intemal 
5 passageway 214a, the contact wire 226a, and more particularly the apex 242a of the contact 
wire 226a, encounters the ramp surface 166a to cause the contact wire 226a to deflect radially 
outwardly to a deflected position. 

Since the contact wire 226a is resilient, the wire 226a appUes a force to the ramp 
surface 166a as it is deflected. The ramp surface 166a therefore applies a reaction force, or a 

10 normal force, to the contact wire 226a to balance the force applied by the contact wire 226a. 
Such a normal force includes a component that is transverse to the longitudinal axis 174, 
which results in a frictional force developed between the contact wire 226a and the ramp 
surface 166a, and a component that is parallel to the longitudinal axis 174, which tends to 
urge the contact plate 222a away from the first end 220 of the bushing 218. 

15 With reference to Fig. 10a, the apex 242a of the contact wire 226a encounters the 

second surface 170a after traversing the ramp surface 166a during continued insertion into 
the intemal passageway 214a. Upon engaging the second surface 170a, the contact wire 226a 
is maintained in a deflected position by the frictional force between the apex 242a of the 
contact wire 226a and the second surface 170a, similar to the frictional engagement of the 

20 compression tab 198a and the second surface 170a of the sensor 10 of Fig. 1. 

Such a frictional force is sufficient to maintain the contact plate assembly 210a 
engaged with the intemal passageway 214a when, for example, the bushing 218 is oriented 
substantially vertically with the engaged contact plate 222a at the lower end. Even in this 
orientation, the weight of the contact plate assembly 210a by itself is not sufficient to cause 

25 the contact plate assembly 210a to fall out of the intemal passageway 214a. This facilitates 
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handling, manipulation, and further assembly of the assembled bushing 218 and contact plate 
assemblies 210a, 210b. 

With continued reference to Fig. 10a (with the same discussion applying to the 
contact wire 226b and the intemal passageway 214b), deflection of the contact wire 226a also 
5 causes the contact wire 226a to engage the third surface 178a in the exit portion 162a of the 
intemal passageway 214a. In the illustrated construction, the contact wire 226a is also spaced 
from the fourth surface 182a in the exit portion 162a of the intemal passageway 214a. 
However, the contact wire 226a may alternatively engage both of the third and fourth 
surfaces 178a, 182a. The frictional forces developed between the contact wire 226a and the 

10 third surface 178a, in addition to the frictional forces developed between the contact wire 
226a and the second surface 170a, help prevent unintentional disengagement of the contact 
plate assembly 210a from the intemal passageway 214a. 

Fig. 1 1 illustrates yet another exhaust gas sensor 246 of the present invention utilizing 
yet another configuration of an insulation bushing assembly 250. The insulation bushing 

15 assembly 250 includes a "signal" contact plate assembly 254a and a "ground" contact plate 
assembly 254b engageable with respective intemal passageways 134a, 134b in the insulation 
bushing 114. With the exception of the contact plate assemblies 254a, 254b, the remaining 
components of the sensor 246 of Fig. 1 1 are substantially similar to those discussed above 
with reference to the sensor 10 of Fig. 1. As such, like components will be labeled with like 

20 reference numerals. 

The contact plate assemblies 254a, 254b include respective contact plates 262a, 262b 
and respective contact wires 266a, 266b mechanically coupled to the contact plates 262a, 
262b in a similar fashion as the contact wires 190a, 190b and the contact plates 186a, 186b of 
the sensor 10 of Fig. 1. The contact plates 262a, 262b include respective pairs of alignment 

25 tabs 270a, 270b that are engageable with respective pairs of slots 150a,bl50b in the first end 
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1 18 of the insulation bushing 1 14 to ensure that the signal and ground contact wires 266a, 
266b are inserted into the proper internal passageways 134a, 134b in the bushing 114. The 
contact plates 262a, 262b also include respective compression tabs 274a, 274b integrally 
formed with the contact plates 262a, 262b. 
5 However, the contact wires 266a, 266b have a different configuration than the contact 

wires 190a, 190b of the sensor 10 of Fig. 1. More particularly, with reference to the contact 
wire 266a (with the same discussion applying to the contact wire 266b and the intemal 
passageway 134b), the contact wire 266a is bent or curved to at least partially engage the 
third surface 178a in the exit portion 162 of the intemal passageway 134a, as discussed 
10 below. 

With reference to Fig. 13a, the compression tabs 274a, 274b, upon insertion into the 
respective intemal passageways 134a, 134b, deflect upon engaging one or more surfaces in 
the passageways 134a, 134b to develop friction between the one or more surfaces and the 
compression tabs 274a, 274b. As such, the compression tabs 274a, 274b act as resilient 
15 members to help retain the contact plate assemblies 254a, 254b engaged with the bushing 
114. 

More particularly, with exemplary reference to the compression tab 274a (with the 
same discussion applying to the compression tab 274b and the intemal passageway 134b), the 
compression tab 274a assurnes an imdeflected position upon initial insertion into the entry 
20 portion 154 of the intemal passageway 134a. With continued insertion into the intemal 

passageway 134a, the compression tab 274a encounters the ramp surface 166a to cause the 
compression tab 274a to deflect radially outwardly to a deflected position. 

With reference to Fig. 14a, the compression tab 274a encounters the second surface 
170a after traversing the ramp surface 166a during continued insertion into the intemal 
25 passageway 134a. Upon engaging the second surface 170a, the compression tab 274a is 
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maintained in a deflected position by the frictional force between the compression tab 274a 
and the second surface 170a, similar to the frictional engagement of the compression tab 198a 
and the second surface 170a of the sensor 10 of Fig. 1. 

Such a frictional force is sufficient to maintain the contact plate assembly 254a 
5 engaged with the internal passageway 134a when, for example, the bushing 1 14 is oriented 
substantially vertically with the engaged contact plate 262a at the lower end. Even in this 
orientation, the weight of the contact plate assembly 254a by itself is not sufficient to cause 
the contact plate assembly 254a to fall out of the internal passageway 134a. This facilitates 
handling, manipulation, and fiuther assembly of the assembled bushing 114 and contact plate 
1 0 assembly 254a. 

With continued reference to Fig. 10a, the contact wire 266a may be at least partially 
deflected such that at least a portion of the contact wire 266a engages the third surface 178a 
in the exit portion 162 of the internal passageway 134a. As such, the contact wire 266a may 
also act as a resilient member to help retain the contact plate assembly 254a engaged with 

1 5 the bushing 114. In the illustrated construction, the contact wire 266a is also spaced from the 
fourth surface 182a in the exit portion 162 of the intemal passageway 134a. However, the 
contact wire 266a may altematively engage both of the third and fourth surfaces 178a, 182a. 
The fiictional forces developed between the contact wire 266a and the third surface i78a, in 
addition to the fiictional forces developed between the compression tab 274a and the second 

20 surface 170a, help prevent unintentional disengagement of the contact plate assembly 254a 
from the intemal passageway 134a. 

The insulation bushing assemblies 142, 206, 250 of Figs. 3, 8, and 12 provide an 
improved method of assembling the respective sensors 10, 202, 246 of Figs. 1, 7, and 11. 
More particularly, the insulation bushing assemblies 142, 206, 250 may be inverted or 

25 positioned in a substantially vertical orientation at any time during the assembly process 
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while substantially preventing the contact plate assembhes 138a, 138b, 210a, 210b, 254a, 
254b from falling out of the bushing 1 14 or 218. This enables a more streamlined and 
efficient assembly process compared to processes that must accommodate prior art contact 
plate assemblies, which are not frictionally maintained in the insulation bushings immediately 
after insertion. Such prior art contact plate assemblies and prior art insulation bushings 
typically require a more complex and less efficient assembly process since their design 
inherently places constraints (e.g., not being able to be inverted) on the assembly process. 
Various features of the invention are set forth in the following claims. 
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